Palladium is very expensive metal and has numerous applications especially as a versatile hydrogenation and dehydrogenation catalyst for chemical reactions. The main hurdle in its wide use is the high materials cost. In the present study a cost effective palladium nano catalyst was prepared using the green method of synthesis with guar gum as capping and reducing agent. The formations of palladium nanoparticles were confirmed by UV-spectrophotometer while for morphology and nature, SEM and XRD were performed that confirmed the crystalline nature of PdNPs and proved the roughly spherical shape of nanoparticles. FT-IR analysis showed different functional groups of reducing agent and proved that guar gum have the ability to stabilized as well as to reduce the Pd (II) to Pd (0). Specific signal for the palladium is present in EDX spectra that further confirmed the formation of PdNPs. The catalytic efficiency was studied using the hydrogenation of 4-nitrophenol. Rate constant of prepared nano-catalyst was 0.1436/min, its efficiency, TON, TOF, in above mention reaction is 90.83, 27.78, and 185.2/hrs, respectively. Data obtained proved synthesized PdNPs to be efficient heterogeneous catalyst for the reduction of 4-NP and for the degradation of azo dyes.
Introduction
Let F denote a eld and let V denote a vector space over F with nite positive dim pair A, A * of diagonalizable F-linear maps on V, each of which acts on an eigenbasis irreducible tridiagonal fashion. Such a pair is called a Leonard pair (see [13, De nition A, A * is said to be self-dual whenever there exists an automorphism of the endomorp swaps A and A * . In this case such an automorphism is unique, and called the duality The literature contains many examples of self-dual Leonard pairs. For instance (i) th ated with an irreducible module for the Terwilliger algebra of the hypercube (see [4, Cor Leonard pair of Krawtchouk type (see [10, De nition 6.1]); (iii) the Leonard pair associa module for the Terwilliger algebra of a distance-regular graph that has a spin model in bra (see [1, Theorem] , [3, Theorems 4.1, 5.5]); (iv) an appropriately normalized totally (see [11, Lemma 14.8] ); (v) the Leonard pair consisting of any two of a modular Leonar De nition 1.4]); (vi) the Leonard pair consisting of a pair of opposite generators for t bra, acting on an evaluation module (see [5, Proposition 9.2] ). The example (i) is a spec examples (iii), (iv) are special cases of (v).
Let A, A * denote a Leonard pair on V. We can determine whether A, A * is self-dua By [13, Lemma 1.3] each eigenspace of A, A * has dimension one. Let {θ i } d i= denote an values of A. For ≤ i ≤ d let v i denote a θ i -eigenvector for A. The ordering {θ i } d i= whenever A * acts on the basis {v i } d i= in an irreducible tridiagonal fashion. If the order then the ordering {θ d−i } d i= is also standard, and no further ordering is standard. Simi A * . Let {θ i } d i= denote a standard ordering of the eigenvalues of A. Then A, A * is self-du is a standard ordering of the eigenvalues of A * (see [7, Proposition 8.7] ). and laboratories due to its capability of catalyzing various cross coupling reactions [1] . Palladium has truly revolutionized the ways molecules are put together and constructed. Palladium is an outstanding hydrogenation and dehydrogenation catalyst in organometalic chemistry. Apart from chemical reactions palladium has found its way in other fields like electronics and chemical processes [2] . Its use in industrial process may give a new turn to the progress of new technologies [3] . Palladium as a catalyst is used in various industrial processes Petrolium cracking [4] , alkaline oxidation, selective low oxide formation [5, 6] , reduction of C≡C to C=C without further reduction to carbon-carbon single bond (known as Landler's Catalyst) [7] , Suzuki coupling [8] , Heck reaction [9] and carbonfluoride bond formation [10] . For the oxidation of alcohols palladium is considered excellent electro-catalyst in alkaline medium [11] [12] [13] [14] . Palladium is amalgamated with a wide variety of ligands and used for selective chemical transformation. Akira Suzuki, Richard F. Heck and Ei-ichi Negishi in 2010 obtained Nobel Prize for their work on palladium.
Palladium is a member of platinum group that is considered as one of expensive noble metals and its high material cost generally restricts its wide applications. The cost of the reaction may either be controlled to replace the palladium with cheaper metals or using palladium nanoparticles. The emergence of nano science has engrossed the interest of researchers throughout the world. nano science changes the properties of materials both qualitatively and quantitatively compared with their bulk counterpart, as these nanosized particles are resultant of manipulation at atomic or molecular level. Consequently nowadays trend is going toward nanoparticles. Thus metallic nanoparticles can be stabilized and synthesized through a number of methods including physical and chemical methods, photochemical reduction, mechanical, and electrochemical techniques [15] [16] [17] [18] [19] [20] [21] . The scarcity of resources and the rising pollution has forced researchers to look for inventive, eco-friendly procedures and techniques that protect human health and environment. Among those techniques and procedures the preparation of efficient, cost-effective and green catalyst is a challenging [22] . To expand the stability and efficiency of metallic nanoparticles, an efficient and eco-friendly capping or stabilizing agents should be used. Plant materials have been considered a reliable source and a green route for metal nanoparticles synthesis. It is clear from the previous reports that plants and its parts have been successfully utilized for rapid and extracellular synthesis [23] . Green synthesis of palladium nanoparticles is very attentiongrabbing because it is cost effective, reduce the use of chemicals, and environmentally benign. All these factors prompted us to explore guar gum (green source) for the synthesis of palladium nanoparticles. PdNPS were earlier synthesized through green approach by using Cinnamom zeylanicum bark [24] , broth of Cinnamom camphora leaf [25] , banana peel extract [26] , Annona squamosa L. peel extract [27] , gum acacia [28] , Anacardium occidentale [29] Pulicaria glutinosa extract [30] , carboxy methyl cellulose [31] , chitosan [32] , and xanthan gum [33] . In our study we use guar gum as capping and stabilizing agent for the palladium nanoparticles synthesis. Guar bean is found mostly in India, Pakistan, U.S., Australia and Africa. It is a high molecular weight polysaccharide that is chemically composed of sugar galactose and mannose. The backbone of this polysaccharide is a linear chain of β 1,4-linked mannose residue while the galactose residues are 1,6-linked at every second mannose, giving short sidebranch as shown in Figure 1 .
Nitro-phenol is the chemical of demand that is not only utilized in the manufacturing of drugs, explosives, dyes and insecticides but also as corrosion inhibitor of wood and rubber [34] . 4-nitrophenol (4-NP) is also used as an intermediate for the synthesis of several useful organic compounds. Para-aminophenol (4-AP) is one of the effective and powerful pharmaceutical intermediates for valuable analgesics synthesis [35] . As 4-nitrophenol is a common precursor for para-aminophenol. Cheaper and novel technique for the catalytic reduction of 4-nitrophenol is constantly in demand. Catalytic hydrogenation of 4-nitrophenol by NaBH4 has previously been performed by means of gold (Au) nanoparticles deposited on poly methyl methacrylate (PMMA) [36] , Au/polypyrrolenanotubes [37] Ag/SBA-15 [38, 39] . and Pd/polypyrrolenano capsules [40] , fabricated graphene-carbon sphere hybrid aerogel decorated with silver nanoparticles (G/AgCS) [41] , used layer-by-layer polypeptide assemblies to mediate the synthesis of Au/mesoporous silica nanotubes with the apparent rate constant of 3 × 10 −4 and 8 × 10 −4 s −1 for Au/SNTs obtained from (Lys340/Glu125)5 and (Lys340/PLT)5 coated membranes. In the present study, we reported the catalytic activity of green synthesized PdNPs in reduction of 4-NP to 4-AP Comprehensively in addition, the same catalyst was also used in the reduction of hazardous azo dyes and proved that the palladium is the metal of future.
Experimental

Reagents and material
Guar gum powder and palladium chloride (PdCl 2 ) were purchased from Sigma-Aldrich and used without further purification. For the synthesis of nanoparticles analytical grade solvents like ethanol and methanol were used. The deionized water was obtained from the department Millipore-Q water purification system (18.2MΩ.cm@25 C, TOC < 10 ppb). The reaction tubes were wrapped in aluminum foil to protect it from light.
Synthesis of palladium nanoparticles
Guar gum (1 g) was dissolved in EtOH (50 mL) at room temperature in a round bottom flask. Then added 10 mg of PdCl 2 dissolved in EtOH and refluxed for 2 h. A color change of the mixture from white to dark grey was observed indicating the reduction of palladium ions. A known amount of PdNPs was added to the dye solution and irradiated with sunlight. The average temperature was 29°C. Before irradiation the mixture was stirred in the dark for 1h to get the absorption equilibrium between the dye and catalyst. A small amount of sodium borohydride reducing agent (1 mL, 10 mM) was added to the reaction mixture to initiate the photo-degradation process. The dye mixture was collected at definite time interval of irradiation and recorded the UV spectra to monitor the progress of the reaction. The stability of the PdNPs were investigated by the repeated cycles of photo-catalytic experiment.
Results and discussion
Guar gum was used as stabilizing agent for the synthesis of palladium nanoparticles. The formation of Nps were observed from color change and confirmed through UV spectrophotometer in the UV range of 300-700 nm. During the reaction the color of Pd (II), changes gradually from white to grey showing the Pd (0) formation. This color change is the result of SPR (surface Plasmon resonance, which is the excitations of surface electron on the conduction band) [43, 44] .
UV-vis spectra of guar gum in Figure 3 shows absorption peak at 299 nm while palladium chloride showed absorption at 470 nm. The change in absorption band of PdNPs in contrast to palladium chloride spectrum was ascribed to ligand-to-metal charge-transfer transitions of palladium (II) ion [45, 46] The peak of PdCl 2 at 470 nm gradually disappeared during the reaction that confirmed the formation of palladium nanoparticles, the color of solution also changes at this stage. For the reduction of Pd (II), no chemical reducing agent was used and the guar gum was used as stabilizing and reducing agent, which is green and non-toxic [29, [47] [48] [49] . Guar gum is a high molecular weight polysaccharide and chemically consisting of This solution was allowed to cool to room temperature. Reduction of palladium chloride was further confirmed by UV spectroscopic analysis in the range of 300-700 nm [42] . The colorimetric change can be observed in Figure 2 .
The resultant dark grey color product was centrifuged at 800 rpm for 10 min; supernatant solution was discarded and the resulting PdNPs were washed with deionized water three times followed by washing with methanol and acetone, for removal of any substance adsorbed on the surface of the particles and then centrifuged the mixture to collect the final clean product. The resulted PdNPs were first dried at room temperature and then in the oven at 70°C for 2 h.
Instrumentation
For weighing the substances electrical balance (AR140 USA) was used, while electric oven Memmert D-91126 Schwabach FRG (Germany) was used for drying of nanoparticles. For the confirmation of formation of PdNPs and its catalytic activity measurement UV-visible spectrophotometer Shimadzu, UV-1800 (Japan) was used. The particles were centrifuged and washed using sigma 1-14 (Germany) centrifuge machine. FT-IR spectral analysis was done by a spectrum-100 FT-IR spectrophotometer from Bruker (ALPHA, USA) using KBr pellets method for nanoparticles within a fixed spectral range, i.e. 4000-400/cm. To check the crystallinity and to measure average crystallite size of prepared nanoparticles XRD spectra was taken using JEOL (JSM-7600F, (XRD). For the study of surface morphology, mean diameter and shape of PdNPs, JSM-7600F, Japan (JEOL) field emissionscanning electron microscope FE-SEM was used.
Catalytic reduction of dyes
The photo catalytic performance of the PdNPs was evaluated by the degradation study of different dyes. sugar galactose and mannose molecules [50] . Hydroxyl group on the surface of guar gum are believed to be responsible for the Pd (II) reduction. The carboxylic and hydroxyl groups of guar gum form complex with Pd (II) ion and finally reduced it to Pd (0). Guar gum also contain starchy compound that act as stabilizing agent and help in prevention of PdNPs aggregation in water [12, 51] . The change in UV spectra of reaction before and after the reaction can be observed in Figure 4 .
FT-IR analysis
The formation of palladium nanoparticles were further confirm through FT-IR analysis. The FT-IR analysis ( Figure 5 and Table 1) shows the presence of different functional groups in guar gum that are responsible for the stabilization and reduction of PdNPs. the major broad band at 3274 cm −1 corresponds to the -OH stretching. The weak peaks that appear at the 2745 cm −1 is assigned to C-H stretching of the aliphatic groups of guar gum. The multiple bands at 2882 cm −1 showed the stretching vibrations of aromatic C-C bond. The strong and sharp peak at 1013 cm −1 corresponds to the C-O bond due to characteristic stretching of carbonyl and carboxylate groups.
The FT-IR analysis of PdNPs showed obvious changes in the peak position and intensity of the IR peaks of guar gum. These shifts in the peak position and intensity are due to the ligand-to-metal interaction and reduction of Pd (II) to Pd (0). In the PdNPs there is the formation of a new peak at 609 cm −1 along with the peaks of guar gum. This new peak corresponds to the M-O bond representing the interaction of Pd with the surface of guar gum and confirms the formation of nanoparticles. It confirms that there is a strong interaction among the different groups of guar gum and the metal. The absorption peak of hydroxal is shifted to 3265 cm −1 , the weak peak of -C-H stretching is now shifted to 2918 cm −1 , while the strong and sharp band at 1013 cm −1 appeared at 1020 cm −1 . The peaks at 1222, 1350, 1431, 1485 and 1654 cm −1 due to the stretching of C-C bond while aromatic peaks at 811,700,609 cm −1 are also shifted in the presence of PdNPs. The above mentioned observation clearly indicated the interaction of Pd metal with -OH group of guar gum. It confirms that there is strong interaction among the different groups of guar gum like -OH, -COO −1 , -CO and palladium. This strong interaction results in the changes of the FT-IR spectra of guar gum both in position as well as intensity. All the above mentioned groups of guar gum have the ability to adsorb on the surface and stabilized the PdNPs. It is also worth mentioning that these groups bind to the metal nanoparticles and prevent its agglomeration in aqueous medium. Thus it is clear that guar gum has reduced and stabilized the palladium nanoparticles [52, 53] .
XRD analysis
The guar gum shows a broad reflection corresponding to the amorphous gum at 11.9825 and 14.62 position as shown in Figure 6 . This pattern also shows large quantity of unreacted gum in our sample before the calcinations and sample is mostly in amorphous form [52] .
XRD pattern after the calicination in Figure 7 shows the crystalline nature of synthesized PdNPS as all the peaks are clearly distinguishable. The peak at 33.85 is characteristics peak of the (111) indices of Pd (0). Two other peaks at 40.1 and 46.65 were observed that correspond to the reflection of (200) and (220) plane of crystal. Peak broadening was observed due to the effect of PdNPs. The crystallite size of prepared PdNPs was calculated by using the peak broadening profile of (111) peak at 39.81 by Sherrer's formula [54, 55] .
where θ is the Bragg's angle, λ is the wave length (1.5418 Aͦ ) of the X-rays used, β 1/2 is the full peak width at half maximum (FWHM) of the diffraction profile in radians on a 2 θ scale and K is constant equal to unit Y related to both crystal shape and the way θ is defined. The calculated crystallite size of the synthesized PdNPs is 10. 
Elemental analysis
The peaks at 2.5 KeV and at 3.5 KeV (Figure 8 
Morphological analysis
SEM analysis were performed for the study of surface of catalyst, morphology and size of prepared palladium nanoparticles, SEM images obtained for the green synthesized palladium nanoparticles (Figure 9 ) show that these particles are roughly spherical and also somewhat cubic within size range of 70-80 nm. The SEM image also revealed irregularly mono-dispersed palladium nanoparticles on the surface of guar gum matrix [56] . 
Catalytic activity of palladium nanoparticles
Palladium is one of the efficient but expensive hydrogenation catalysts. In order to determine the hydrogenation capacity and reusability of the prepared guar gum stabilized PdNPs, hydrogenation of para-nitrophenol using sodium borohydride as reducing agent was studied. 2 mL of para-nitrophenol was taken in quartz cuvettes; to this solution was added 1 mL of sodium borohydride (15 mM) solution. The para-nitrophenol showed strong absorption peak at 320 nm that was shifted to 401 nm when sodium borohydride was added. This shift in λ max occurred due to the deprotonation of para-nitrophenol. On the addition of sodium borohydride the light color of paranitrophenol changed to intense yellow that shows paranitrophenolate ion formation. Sodium borohydride could not further reduce the phenolate ion even after 4 to 5 h. However when 10 μL palladium nano catalyst (0.2 mM) was added to the above reaction mixture the peak intensity at 401 nm gradually decreased as the reaction time increases and a new absorption peak at 301 nm appeared that is due to the para-aminophenol formation. The reaction progress was monitored by UV-vis spectrophotometer and also observed visually when the yellow color of p-NP disappeared completely. This reaction was completed in 9 min at 27°C. The nitro compound like para-nitrophenol is usually reduced at high pressure or by using hydride donating compounds like NaBH 4 or LiAlH 4. These reagents alone are not as efficient to reduce para-nitrophenol at ordinary condition. Thus reducing power of this reagent can be enhanced by combining it with transition metal salt or halide, so we can say that NaBH4 is hydrogen source that releases hydrogen upon hydrolysis at ambient temperature. But need metals like palladium to reduced paranitrophenol completely to para-aminophenol [34, 52, 57, 58] . Figure 10a shows the whole mechanism of reaction.
It is proposed that the decomposition of BH 4− by PdNPs produces H-Pd and PdBH 3− as reactive intermediates:
These active species are responsible for the conversion of 4-nitrophenol to 4-aminophenol stoichiometrically, for this conversion six-electron are needed.
6H -Pd + PNPs → P-Ap + 6Pd + 6H
(3) 6Pd-BH 3 + P-NPs → P-Ap + 6Pd + 6BH 3 (4)
The results in Table 2 show promising improvement of the efficiency of catalyst as compared with the reported results in the literature. Figure 11 shows the UV-vis spectra of 4-nitrophenol, reduction to 4-nitrophenolate ion with specific time interval and finally showed the formation of 4-aminophenol. The successive conversion percentage of para-nitrophenol to para-aminophenol was shown to be 90.93% (Figure 12 ). Figure 13 showed linear correlation between ln (Ao/At) verse time in minutes and the rate constant "K" for this reaction was found to be 0.049 min −1 for PdNPs stabilized by guar gum.
The percent conversion of 4-nitrophenol was 90.93 that is calculated by following formula:
where α is the conversion percentage or efficiency of catalyst, A o is initial absorption of 4-nitrophenol, and A t is absorption of 4-nitrophenol at time t. Turn over number (TON) is actually the mole of 4-nitrophenol obtained to the mole of palladium catalyst utilized in reduction. The Turn over number for the reaction is 27.78 that is calculated by following formula: TON = moles of 4-NP/moles of PdNPs × 100 (6) Turn over frequency is 185.2/h and is calculated by following formula: TOF = TON/Reaction time (7) rate of reaction K Figure 13 : Rate constant K calculated for the reduction of para-nitrophenol.
Mercury drop test
In order to determine the nature of the catalyst mercury dropt test was performed. A solution of 4-nitrophenol was taken and added to it freshly prepared solution of NaBH 4 , a red shift from 320 401 nm was observed due to the formation of phenolate ion. To this mixture added 0.001 g of the catalyst, the color of the mixture faded away gradually as the reaction proceeded which is due to the formation of 4-aminophenol showing a peak at 301 nm. When a drop of mercury was added with continuous stirring to this mixture, the color change stopped and the progress of the reaction ceased, which was confirmed from the UV spectrum of the mixture after the addition of mercury. This indicated the formation of a Pd-mercury amalgam. This proves that the active catalytic specie under the reaction condition is the Pd (0), and the reaction occurs in a heterogeneous manner.
Catalytic reduction of methyl orange (MO), methyl blue (MB) and Congo red (CR)
The catalytic efficiency of the prepared PdNPS in the catalytic reduction was evaluated in the catalytic reduction of MO, MB, and CR and also in the mixture of all the three. The progress of reaction was monitored by UV spectrophotometer, as shown in the Figure 14 . The above results illustrated that the prepared PdNPs are highly efficient in the reduction of CR, MB, MO and the mixture of all these three dyes by NaBH 4 aqueous solution. The comparison and efficiency of the prepared nanoparticles with the literature is given in Table 3 . The reduction of MO, MB, CR and mixture were completed in 4 min, 4 min, 6 min and 6 min, respectively. The reduction rate of the catalyst prepared by using guar gum was comparable with our recently Published CuNPs catalyst.
Evaluation of the recyclability of the catalyst
According to industrial and commercial point of view, the recyclability is one of the most imperative factors of heterogeneous catalyst. The reusability of prepared Pd-NPs was examined in reduction of P-NP to P-AP. After one complete reaction the catalyst was removed by mild centrifugation, washed with double distilled water, dried and used it again in reaction. The same catalyst was then repeatedly used for seven times in 100% reduction of P-nitrophenol and without any considerable loss of catalytic activity. Slight decline in efficiency was observed but after the 7th cycle as shown in Figure 15 . AgCu/TP 420 s [71] AgCu/GP 420 s [73] PdNPs/guar gum 360 s Present work
Conclusions
The palladium nanoparticles were prepared by using the guar gum as stabilizing and reducing agent. The prepared nanoparticles were then used for the reduction of P-NP, CR, MO, MB and mixture of these dyes. Results showed that PdNPs/guar gum have high catalytic efficiency in the reduction of above mentioned compounds. Furthermore, recycling of the catalyst also confirmed that prepared nanocatalyst is stable and could be recovered and reused for at least seven times for 100% reduction of organic dyes.
